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Preface

Thistraining manua was developed as part of amullti-regiond effort to assst states with
meeting the requirements of the Code of Federd Regulations, Part 637, for “ qudified”
personnd to perform materia sampling and testing for quaity control and quality acceptance

(QCIQA).

The ultimate god of the group is aso to promote reciprocity of this “qudification” across Sate
lines. To that end, the group recommends that each training program cover the procedures and
specifications listed here as aminimum core. The core materias should include presentation of
the current AASHTO procedures. Individual state requirements, if needed, should be
presented in addition to, not instead of, the approved AASHTO versions.

Because Superpave is being implemented on an ever-increasing frequency and is seen asthe
mix design system of the future, only those tests and specifications gpplicable to the Superpave
system are presented here. Some of the tests are gpplicable to Marshdl or Hveem mix designs
aswell, however, those design methods are not included.

AASHTO standards are listed in the Table of Contents in the recommended order of
presentation. Prerequisites for the standards are listed on the first page of each one.
Knowledge of certain methods and testsis necessary before proceeding to other standards.

Files are provided in both Word and WordPerfect formats. Each individud file consists of the
AASHTO designation for the subject.

Students are to use the mathematical rounding rules recommended by each agency in
performing caculaions for qudification testing.
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NOTE

There are no prerequisites
for thistraining package.




GLOSSARY

Asphalt cement: Also referred to as“asphdt binder,” dlowing for the addition of modifiersto the
asphat cement. Asphdt isa product normaly refined from crude petroleum. There are afew naturd
asphat deposits such as Trinidad Lake. Asphat isablack tar-like materid that is solid at low
temperatures and liquid at high temperatures. Thisdlowsit to be used as a paving cement by mixing
and placing in aliquid State then the naturd cooling produces a solid but flexible pavement.

The performance grading (PG) system of classifying asphalt bindersis based on the high and low
temperatures expected to be found in the pavement during its' life. For example, aPG 58-28 is
expected to stay tiff at atemperature of 58E C and yet remain flexible at a temperature of 28EC.



SAMPLING OF BITUMINOUSMATERIALS

This discusson of sampling bituminous materids is limited to the sampling of asphdt cement. Sampling
of bituminous materidsis covered under AASHTO T168. Asphdt cement qudity isimportant to
producing qudity Hot Mix Asphat (HMA). Using the correct grade of asphdt insures that the HMA
pavement will perform as expected under the conditions encountered in the field. The producers of
asphalt cement are responsible for the qudity of their product and must operate under a qudity control
plan. Proper sampling is akey component of any Quality Control/Quality Assurance plan.

Asin sampling many products, safety isamgor factor. Be sure to dways wear the proper safety attire
and use extreme caution around hot asphat cement.

Sampling locations for agphdt cement include the following:
< from the producer’ s storage fecility,
< from shipment, or
< from the Hot Mix Asphdt producer’s plant.
The location of the sample should be as directed by the State Highway Agency.
There are two methods for sampling asphalt cement:
1. By the use of asample vave attached to the line or tank.
2. Dipping asampling device into the asphat from above.
The use of asample valve is the preferred method.

The asphat cement samples need to be placed in the proper containers. Always use caution when
handling containersfilled with hot asphat cement.

Common Sampling Errors
< Not wasting materia before taking a sample from avave.

< Improper sample container.



TESTING METHODOLOGY

Apparatus

< Safety gpparel including - insulated gloves, face shield, long deeve shirts, long pants, and boots.

< Dipper (when dip sampling)

< Sample containers - these containers need to be clean, tight-sealing meta cans of the proper
gze. Do not use solventsto clean cans. Useaclean dry cloth to wipe off any materia from
the outside of the sample cans.

Sampling Procedure - Sampling from a valve (tanks, lines, pipes)

When sampling asphdt cement from avave, waste at least four liters (one galon) of the materid

through the valve before taking the sample. After the material has been wasted, the sample container
may befilled.

Sampling Asphat Cement

NOTE

Always check with the owner concerning any
gpecial safety issuesin the operation of the
sampling valves.

Safety is extremey important when sampling
asphalt cement.




Sampling Procedure - Dip Sampling (tanks, tankers, tank cars, barges, distributors)

Asphat cement in storage may be sampled by lowering a sample device into the materid from an
access hatch in the top of the tank. The dip sampler islowered into the materid to the proper depth,
opened, and dlowed tofill. The sampler isthen carefully withdrawn and the entire contents of the
sampler is then poured into the sample container.

Properly identify al samples by marking the cans (not just the lids) with the type of materid, the
date, the time, and the sample location, as aminimum.



SAMPLING BITUMINOUSPAVING MIXTURES

AASHTOT 168
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NOTE

There are no prerequisites
for thistraining package.




GLOSSARY

Hot Mix Asphdt: amixture of aggregate and asphalt cement, sometimes including modifiers, thet is
produced by mixing hot dried aggregate with heated asphalt in a plant designed for the process.

Template: adevice used to create a sample area, often no more than astedl box without atop.  If
the template is inserted after the materid is spread, it does not have a bottom. Templates have the
advantage of avoiding any segregation during sampling.



SAMPLING BITUMINOUS PAVING MIXTURES

This discusson concerns obtaining samples of bituminous paving mixtures for laboratory testing.

Proper sampling is akey component of any Quality Control/Quality Assurance plan. Hot mix asphalt
(HMA) is best sampled at the last point in the construction process where loose mixture is available.
Thisis normaly behind the laydown machine before the rollers begin compacting the mixture. Samples
of HMA are normaly andyzed for their “volumetric” properties, such asthe percent air voids by
volume. Some agencies also require HMA to be tested for asphat content and aggregate gradation.
When sampling HMA,, it isimportant to obtain enough materia to perform dl the required tests plus
extramaterid for retesting, if needed.

There are two methods for sampling bituminous paving mixtures. The mixture may be sampled from
the roadway or out of atruck. Truck sampling is used only when roadway sampling is not practicdl.

Safety is very important when sampling hot mix agphdt due to the temperature of the mixture. Always
wear protective garments and shoes to keep the hot mix asphalt from coming in contact with the skin.
Aswith any congtruction project, being dert to traffic isimportant.

Common Sampling Errors

C Obtaining the entire sample from asingle location.

C Not removing al the materid from within atemplate.

C Contaminating the sample with underlying materid

C Sagregating the materid while sampling.



SAMPLING METHODOLOGY

Apparatus

< Square ended shovel or scoop

< Template (roadway sampling)

< Clean sample container

< Protective clothing, insulated gloves, safety shoes

Roadway Sampling

Random sampling locations should be determined. Sample the uncompacted mat by placing a
template through the entire lift of HMA, or using a square pointed shovel to creste a sample area with
vertica faces. Remove dl materid from within the template or between the vertical faces and place in

acdean sample container. Avoid contaminating the sample with any underlying materid. At least three
increments should be obtained for each sample.

Template Placed in Asphalt Mat Cleaning Asphalt Off Template
into Sample Container



Truck Sampling
When roadway sampling is not practical, then truck sampling should be used.

Sample from the truckload by first removing approximatdly one foot of materid from the outside of the
mass. Using asquare shovel or scoop, remove enough materia from the sample areato provide
goproximately one-third of the sample size. Care must be taken to avoid segregating the materid
while sampling. Place each increment in the clean sample container. At leadt three increments should
be obtained for each sample. Increments from more than one truckload should be included in the
sample.

Sampling From a Truck Scraping Sample Off Shovel into
Sample Box

Sample I dentification
Properly identify each sample by marking the sample container with a project identifier, the type of

materia, date, time, and the sample location. This is the minimum information that should be included
with each sample.



PRACTICE FOR SUPERPAVE VOLUMETRIC DESIGN

FOR HOT MIX ASPHALT (HMA)
AASHTO PP 28

AND

SPECIFICATION FOR SUPERPAVE VOLUMETRIC

MIX DESIGN
AASHTO MP 2
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NOTE

Successful completion of the following training materids,
including examination and performance evaudtion, isa
prerequisite for this training package.

¢ AASHTO TP 4, Standard Method for Preparing and
Determining the Dengty of Hot Mix Asphdt (HMA) by
Means of the SHRP Gyratory Compactor.

¢ AASHTO T 166, Bulk Specific Gravity of Compacted
Bituminous Mixtures Using Saturated Surface-Dry

Specimens.

¢ AASHTO T 209, Maximum Specific Gravity of
Bituminous Paving Mixtures.

¢ AASHTO T 283, Resistance of Compacted
Bituminous Mixture to Moisture Induced Damage.

¢ AASHTO PP 2 Standard Practice for Mixture
Conditioning of Hot Mix Asphdt (HMA)

¢ AASHTO PP 19, Volumetric Analysis of Compacted
Hot Mix Asphalt (HMA)




GLOSSARY

Absorbed asphalt volume (V) - the volume of asphalt binder absorbed into the aggregate (equal to
the difference in aggregate volume caculated with bulk specific gravity and effective specific gravity).

Air Voids (V) - thetotal volume of the small pockets of air between the coated aggregate particles
throughout a compacted paving mixture, expressed as percent of the bulk volume of the compacted
paving mixture.

Asphalt Content (Py) - the percent by mass of agphdt binder in the tota mixture.

Bulk Specific Gravity (G1 2.n: Gsp, Gmp) - theratio of the massin air of aunit volume of a
permegble materid (including both permeable and impermesable voids connected to the surface of the
aggregate particle) at a stated temperature relative to the massin air of an equa volume of gas-free
digtilled water a a stated temperature. Can apply to individua aggregate stockpiles (G; through G,),
the blended aggregate (Gg,) or the mix (G-

Dust to Binder Ratio (P, q75/Pye) - rétio by weight of the percentage of aggregate passing the 0.075
mm (#200) seve (P, o75) to the effective asphalt content (P,).

Effective Asphalt Volume (V) - the volume of asphdt binder which is not absorbed into the
aggregate.

Effective Specific Gravity (Gge) - the ratio of the massin air of aunit volume of a permesble
materia (excluding voids permeable to asphdt) a a Sated temperature relative to the massin ar of an
equa volume of gas-free ditilled water a a Sated temperature.

ESAL’s - Equivadent Single Axle Loads, a measure of the damage done by an axle load expressed
relative to the damage done by an 18,000 pound axle load.

HMA - Hot Mix Asphalt

Maximum aggregate size - one Sze larger than the nomina maximum aggregatesze.  (Note: This
terminology and definition apply only to Superpave mix design.)

Nominal maximum aggregate size - one Size larger than the first Seve that retains more than 10
percent of the aggregate. (Note: This terminology and definition gpply only to Superpave mix
design.)



Theoretical Maximum Specific Gravity (G,,,,) - theratio of the mass of a given volume of voidless
(Va=0) HMA at a stated temperature (usualy 25°C) to amass of an equa volume of gas-free didtilled
water at the same temperature.

Voidsin Mineral Aggregate (VMA) - the volume of void space between the aggregate particles of a
compacted paving mixture that includes the air voids and the effective asphdt, expressed as a percent
of the totd volume of the gpecimen.

Volume of Absorbed Asphalt (V) - the volume of asphdt binder in the HMA that has been
absorbed into the pore structure of the aggregate.



SUPERPAVE VOLUMETRIC DESIGN FOR HMA

This discussion addresses the standard practice of caculating the volumetric properties (e.g., the air
voids (V) in the totd mix, the voidsin the minerd aggregate (VMA), and the voids filled with agphdt
(VFA)) of aHot Mix Asphat (HMA) mixture in terms of measured aggregate and mixture properties.
Determination of the volumetric propertiesis centrd to the Superpave mix design process.

Volumetric properties and the compaction characteristics from the Superpave Gyratory Compactor
(SGC) are the measures used to evauate the suitability of atrid mixture. The volumetric properties of
a compacted mixture are specific to the combination of liquid agphat binder, meeting the criteria of
AASHTO MPL, and ablend of aggregates, which complies with the Superpave consensus property
requirements. Typicaly, anumber of aggregate blends will need to be examined in order to determine
the least expensve combination of aggregates and asphdt that meet the criteria specified in AASHTO
MP2.

The reeder isreferred to either of two publications for a thorough explanation of thismix design
process and the terminology and theory associated with it. These publications are the following:
Superpave Level 1 Mix Design, Superpave Series No. 2 (SP-2), Asphalt Ingtitute, and the
corresponding FHWA publication entitled Background of Super pave Asphalt Mixture Design and
Analysis, Pub. # FHWA-SA-95-003, February 1995. During the study of one of these publications,
the reader should become very familiar with concepts such as the bulk, effective, and apparent
specific gravities. The reader should be able to determine the bulk specific gravity of the aggregeate
blend. The reader should understand that this vaue is not necessarily constant for a given aggregate
blend snce it may vary with facies changes and changes in minerdogy of a given aggregate source.
The reader should understand the meaning of the maximum theoreticd specific gravity and the manner
in which it decreases with increasing asphat content. The reader should aso note that, for absorptive
aggregates, the maximum theoretical specific gravity increases with time for agiven tota asphdt
content and results in a corresponding reduction in the effective asphat content of the mix. The reader
should understand that, with absorptive aggregates, the effective specific gravity will change with time
as agphdt is aosorbed and it cannot be used in lieu of the bulk specific gravity of the aggregate blend
when determining the VMA.

In addition to being able to caculate volumetric properties such as ar voids, voids minerd aggregate,
and voids filled agphdt, the reader should aso know the manner in which the Superpave criteria limits
vary with regard to the nomina maximum size of the aggregate. The reader will need to be able to
plot the variaion of each of these volumetric properties with variation in asphalt content and then be
able to select an gppropriate asphat content that satisfies the various Superpave criteria. The reader
isreferred to Chapter 5 of Mix Design Methods for Asphalt Concrete and Other Hot-Mix Types,



MS-2, Sixth Edition, Agphdt Indtitute, for an explanation of the proper means to sdlect an asphdt
content with regard to the VMA curve.

The reader will dso need to know whether a given mix compacted in the SGC satisfiesthe
compaction limitations imposed on mixes by the Superpave criteria specified in AASHTO MP 2.



GENERALIZED MIX DESIGN PROCESS

There are four mgjor stepsin the volumetric mix design process. These steps consst of (1) Materid
Sdection, (2) Selection of a Design Aggregate Structure, (3) Selection of a Design Asphat Content,
and (4) Evauation of the Moisture Sengtivity of the Mixture.

Materials Selection - This process includes the selection of both an asphat grade and aggregeates that
meet the Superpave criteria The first step in this processis to determine the traffic in ESAL’ sthat the
proposed pavement will be subjected to during itsintended life. Thisinformation istypicaly included
in the contract documents and is used in both the sdlection of asphalt grade and aggregate materials.
The sdection of asphalt grade aso necessitates an understanding of the climatic; e.g., temperature;
environment in which the pavement will be located. This includes both the seven-day maximum high
temperature and the single-day minimum low temperature for that particular geographic location.
Climatic information of this type has been collected for over 20 years from over 7000 wegather
gations located in North America and is readily available from the FHWA. Adjustments can dso be
made to the reported recommended grade to account for heavy traffic, dow-moving traffic, or both.
The most reliable procedure is to use the performance grade of asphat specified in the contract
documents.

As gated previoudy, the requirement for aggregate qudity is aso directly related to the anticipated
traffic. Aggregate quality isaso related to the depth (e.g., distance from the pavement surface) at
which agiven materia will be used within a pavement sructure. The qudlity criteriafor Superpave
aggregates are presented in the AASHTO specification MP 2 and the referenced texts. In order to
be used in Superpave mixtures, the aggregate blends must meet two sets of criteria known as source
properties and consensus properties. The source properties are established by the specifying agency
and are specific to the geology of a particular region while the consensus properties are mandatory for
al Superpave aggregate blends. Source property requirements may apply to each aggregate
stockpile, but consensus properties apply to the combined blend of multiple stockpiles.

Selection of a Design Aggregate Structure - Once agroup of aggregates has been identified, the
combination of these aggregates with regard to the percentage of each used to make the aggregate
blend will need to be determined. Not al blends of aggregates are satisfactory. The blend of
aggregates needs to be such that the Superpave volumetric criteria are satisfied. Aggregate blends
can either be coarse (below the maximum density line and the restricted zone) or fine (above the
maximum dengity line and around the restricted zone). The referenced manuals suggest three
aggregate structures be considered -- one fine, one coarse and one intermediate. The mgority of
Superpave mixes have been coarse mixes. Once a blend of aggregates has been sdected to mest the



gradation requirements, the blended aggregate must dso be shown to meet the Superpave consensus
aggregate criteria.

The mogt difficult part of designing an aggregate structure is the creetion of the VMA necessary to
meet the volumetric criteria. A great amount of research has been conducted on the exact procedure
to usefor creating VMA and is presented in numerous technical papers. Itistypicdly atria and error
process. However, there are some generd guiddinesthat will assst in the cregtion of VMA. The
following isanon-inclusive list of techniques that may betried to increese VMA:

1. movement away from the maximum densty line,

2. useof highly angular particles,

3. useof particles with arough surface texture,

4. useof different shaped particles,

5. useof different composition of materids, i.e, sliceous vs. cacareous, and

6. reduction in the amount of P, 4,5 used in the mix.
Sdection of a satisfactory aggregate structure will consider economics in addition to satisfying the
volumetric criteria. This may result in alarge number of potentia blends being considered.

Selection of the Design Asphalt Content - Sdlection of atria asphat content to initiate the design
process will generdly be made either on the basis of past experience or in accordance with the
procedure described in the referenced literature. The proposed aggregate blend will then be
combined with various proportions of asphalt from 0.5% lean to 1% rich of the trid asphalt content at
0.5% intervas resulting in atota of four agphat contents being initiadly consdered. A sufficient
amount of the proposed aggregate blend will need to be prepared to permit two samplesto be
compacted in the SGC and the maximum specific gravity (Rice test) to be determined at each of the
four asphdt contents. Preparation of the asphalt/aggregate mixtures for the SGC samples should be
timed such that a minimum of 20 minutesis alotted between batches. Preparation of each
asphat/aggregate mixture at each asphat content is consdered one batch. Batched samples should be
conditioned in a closed draft oven for aminimum of 2 hours prior to compacting the samplesin the
SGC. (See PP2for details) Thisisto permit time for the aggregates to absorb asphalt. All samples,
including those for SGC and Rice tests, should be cured the same amount of time.

Keep in mind that the procedure used for design in the laboratory will need to closaly match thefied
conditions at the time of condruction. Failure to congstently test the materids a the sametime
interva will result in highly erratic maximum specific gravity vaues and possibly falure to achieve the
required VMA.

After the necessary testing has been accomplished, the calculation of the volumetric parameters can
begin. Caculation of these volumetric parametersis an iterative process that requires good note
keeping and organizationd sills. 1t is very important to use numeric vaues that correctly correspond



with the sample being tested. Use of a carefully constructed, accurate, computer spreadshect is highly
recommended. The averaged results of the various volumetric calculations need to be plotted relative
to the corresponding asphalt content. The design asphat content is selected as that which satisfies the
specified volumetric criteriaat 4 percent air voids. (See PP 19 for details.)

Evaluation of the Moisture Sensitivity of the Mixture - The identification of the combination of a
design aggregate structure and a design asphat content indicates that the mix design process s,
hopefully, nearing completion. The mixture now only needs to demondtrate thet it is capable of
surviving the moigture sengtivity test without premature failure. Thistest is preformed in accordance
with AASHTO T-283 specifications. It requires that atota of s replicate samples consting of the
proposed aggregate blend and asphalt binder, at the design binder content, be prepared and
compacted to gpproximately 7% air voids. This group of samplesis divided into two subsets with
three of the samples being identified as the unconditioned control samples and the other three being
identified as conditioned samples. At the end of the conditioning period dl of the samples are loaded
to falureinindirect tendon. If the combination of agphdt binder and aggregate blend resultsina
mixture where the ratio of the strength of the conditioned to the unconditioned samples is 80% or
more, then the mixture passesthe test. If the combination of asphalt and the aggregate blend resultsin
amixture where the ratio of conditioned to unconditioned samplesis less than 80%, then the mixture
fals and the design process garts over. Alternatively, the use of anti-gtrip agentsin the mix design
may be considered.
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NOTE

Successful completion of the following training materids, including
examination and performance, is a prerequisite for this training package.
AASHTO T 84, Specific Gravity and Absorption of Fine Aggregate
AASHTO T 85, Specific Gravity and Absorption of Coarse Aggregate
AASHTO T 100, Specific Gravity of Soils

AASHTO TP 53, Method for Determining the Asphat Content of Hot Mix
Asphdt (HMA) by the Ignition Method

AASHTO T 166, Bulk Specific Gravity of Compacted Bituminous Mixtures

AASHTO T 168, Sampling of Bituminous Paving Mixtures

AASHTO T 209, Maximum Specific Gravity of Compacted Bituminous
Mixtures




GLOSSARY

Absorbed asphalt volume (V) - the volume of asphalt binder absorbed into the aggregate (equal to
the difference in aggregate volume caculated with bulk specific gravity and effective specific gravity).

Air Voids (V) - thetotal volume of the smdl pockets of ar between the coated aggregeate particles
throughout a compacted paving mixture, expressed as percent of the bulk volume of the compacted
paving mixture.

Asphalt Content (Py) - the percent by mass of asphdt binder in the tota mixture.

Bulk Specific Gravity (G1 2. Gsn, Gmp) - theratio of themassin air of aunit volume of a
permesble materid (including both permeable and impermesble voids connected to the surface of the
aggregate particle) at a stated temperature relative to the massin air of an equa volume of gas-free
digtilled water at a sated temperature. Can apply to individua aggregate stockpiles (G, through G,),
the blended aggregate (Gg,) or the mix (G,,,,).

Effective Asphalt Volume (V) - the volume of asphdt binder which is not absorbed into the
aggregate.

Effective Specific Gravity (Gge) - the ratio of the massin air of aunit volume of a permesble
materia (excluding voids permeable to asphdt) a a Sated temperature relative to the massin ar of an
equa volume of gas-free ditilled water a a Sated temperature.

ESAL’s - Equivadent Single Axle Loads, a measure of the damage done by an axle load expressed
relative to the damage done by an 18,000 pound axle load.

HMA - Hot Mix Asphalt

Maximum aggregate size - one Sze larger than the nomina maximum aggregatesze.  (Note: This
terminology and definition apply only to Superpave mix design.)

Nominal maximum aggregate size - one Size larger than the first Seve that retains more than 10
percent of the aggregate. (Note: This terminology and definition gpply only to Superpave mix
design.)

Theoretical Maximum Specific Gravity (G,,,,) - theratio of the mass of a given volume of voidless
(Va=0) HMA at a stated temperature (usually 25°C) to amass of an equd volume of gas-free didtilled
water at the same temperature.



Voidsin Mineral Aggregate (VMA) - the volume of void space between the aggregate particles of a
compacted paving mixture that includes the air voids and the effective asphdt, expressed as a percent
of the totd volume of the gpecimen.

Volume of Absorbed Asphalt (V) - the volume of asphdt binder in the HMA that has been
absorbed into the pore structure of the aggregate.



Calculation of Volumetric Parametersof Hot Mix Asphalt (HMA)

This discussion addresses the standard practice for calculation of the various volumetric parameters
used in the control of production of HMA. (Anaysisfor design purposesis described in AASHTO
PP28.) Input vauesfor the calculation of the various parameters are obtained from other AASHTO
test procedures. Calculation procedures are presented for the following parameters. (1) air void
content (V ), the volume percent of ar voids in the compacted asphat mixture; (2) voids filled with
asphdt (VFA), the percent volume of the VMA filled with asphdlt; (3) voidsin the minera aggregate
(VMA), the volume percent of voids in the minera aggregate present in the compacted asphalt
mixture including the volume of air and the volume of effective asphdt; and (4) the effective asphalt
content (P,e), the percent of the total asphalt content not absorbed into the aggregate and available to
bind the mixture together.



TEST METHODOLOGY

Test Procedure

HMA materid for thisanaysis will be production HMA materid preferably obtained from behind the
paver or from another agreed-upon production source. The HMA sample materid obtained in the
fied should be stored temporarily in an insulated container for trangport from the field to the
laboratory. Oncein the laboratory, the sample should immediately be quartered on a clean, metd-
surfaced table. Two of the quarters should then be placed in pans and inserted into an oven to re-heat
the materia to the compaction temperature. These samples will be used for determination of the bulk
specific gravity of specimen compacted in the SHRP Gyratory Compactor (SGC). The third quarter
should be placed into a pan and permitted to cool to ambient temperature. It will be used in the
determination of the maximum specific gravity. The fourth quarter should be placed in a pan, labeled,
and set asde for determination of the asphalt and aggregate content.

Once the bulk specific gravity samples have attained the proper compaction temperature, procedures
for compaction of the materid in the SGC should begin. Samples should be compacted in
accordance with procedure described in AASHTO TP 4. The resulting plugs of compacted materia
should be extruded from the compaction molds and set aside to cool to ambient temperature.

While these samples are cooling, the fourth sample can be insarted into the ignition furnace for the
determination of the asphalt and aggregate contents. This test should be performed in accordance
with TP-53. The results of thistest should be recorded as B, and P.,

During the time the third quartered sample is cooling to room temperature it should be thoroughly
crumbled into smal fractions of asphat coated particles. Once this materia has cooled to 25°C
(77°F) the test for the determination of the maximum specific gravity can begin. Thistest should be
performed in accordance with AASHTO T-209. The results of this test should be recorded as Gy,

Note: It isespecially important, when absor ptive aggregates are used for production of the
miX, that the time elapsed between the time the mix was produced and the time at which the
mixture was permitted to cool to a temperature below the compaction temperatureis similar to
the time that the mix was permitted to “ cure” during the mix design process. Failureto attain
similarity between these times will result in differences between the maximum density values
determined in design and those determined during production in the field. Thismay resultin a
failure to attain the desired VMA values during production.



The reader should dso note: The accuracy of the various specific gravity cdculaionsis extremey
important. When specific gravities are determined to an accuracy less than three decimal places (four
sgnificant figures), an absolute error in the cdculation of the ar voids content of as much as 0.8
percent can occur (e.g., an actua value of 4.2 percent may be reported anywhere in the range of 3.4
to 5.0 percent). Therefore, a scae capable of making measurements to four significant figures should
be used for the measurement of mass for the various specific gravity caculations,

Once the plugs of compacted materid have cooled to gpproximately 25°C (77°F) the determination
of the bulk specific gravity of the compacted mixture can begin. The bulk specific gravity should be
determined in accordance with T 166. The results of this test should be recorded as Gy,

The bulk specific gravity of the individua aggregate stockpiles should be determined on aweekly or,
a least, monthly bass. A representative sample should be obtained of each stockpile of aggregate.
The size of the sample required isrelated to the maximum aggregete size of the stockpile sampled.
The particle gradation and bulk specific gravity should be determined for each fraction using the
appropriate AASHTO test procedure (T 84 or 85). The percent of each fraction in the aggregate
blend relative to the total mass of the aggregate blend should be recorded and reported as Py, Py, P3
etc Thebulk specific gravity should be reported as Gy, Gy, Gg, €tc., to correspond to the numbering
of the percentage of each stockpile used in the aggregate blend.

Calculations

After the completion of the various tests, the first parameter to cdculate isthe bulk specific gravity of
the aggregate blend of the congtituents of the particular HMA mixture in production (Gg,). This
cdculation is smply aweighted average of the condtituent specific gravities.

(R+P,+PR)
R P, P
&G, G, G

u
Y
U

Next cdculate the effective specific gravity (Gge) of the aggregete by the following equation with the



understanding that G, is the specific gravity of the asphdt binder obtained from the asphat supplier,
and P, isthe percent of binder used in the mix:

. - (00- P,)
* 22100 P, 9
G, G 5

Once the effective specific gravity and the bulk specific gravity of the aggregate blend have been
caculated, an estimate of the absorbed asphdt content (P,z) can be made using the following
equation:

L _(0m,)e, - G,)
ba GSbGse

Undergtanding that the absorbed asphalt content is expressed as a percentage of the mass of the
agoregate, an estimate of the effective asphat content (P,e) of the HMA mixture can be made using
the following equation:

Cdculate the percent voidsin the minerd aggregate (VMA) using the following equation where Py
represents the percent of aggregate by the total mass of the mixture:

VMA = 100- Mu

R

é Gy 0
Cdculate the percent air void (V) in the compacted HMA using the following equation:

_10 ( - Gb)u



Cdculate the percent of voidsfilled with asphdt binder (VFA) as aportion of the voids in the minera
aggregate using the following equation:

VFA=VMA-V,

Report these values in the appropriate locations on the data sheet provided by your employer.
Specific gravity results should be reported to the nearest 0.001 and VMA, VFA and V,should be
reported to the nearest 0.1%.

Note: Follow the rounding rules specified by your state.
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AND DETERMINING THE DENSITY OF HOT MIX ASPHALT
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NOTE

Successful completion of the following training
materids, induding examination and
performance evaluation, is a prerequisite for this
training package.

*AASHTO 168, Sampling Bituminous Paving
Mixtures

*AASHTO PP 2, Short and Long-Term
Mixture Conditioning of Hot Mix Asphdlt




GLOSSARY

Corrected relative density (C,) = the densty of a specimen determined a x number of
gyraions and expressed as a percentage of the maximum theoretical specific gravity of the
mixture, corrected for the fact that the cylinder is not a smooth sided cylinder.

N-initial (N;,;) = theinitid number of gyrations, ardatively low number of gyrations
determined based on climate and traffic volume and used to andyze the early densfication
properties of the hot mix asphat during congtruction

N-design (Nge) = the design number of gyrations, aso determined based on climate and
design traffic level and used for design of the agphat mixture,

N-maximum (N ., = the maximum number of gyrations gpplied to a specimen, determined
based on the climate and design traffic volume and used to assess the densification properties of
the mixture after many yearsin service.



PREPARING AND DETERMINING THE DENSITY OF HMA
SPECIMENSBY MEANS OF THE SHRP GYRATORY

COMPACTOR
_____________________________________________________________________________|

Compacted samples of hot mix asphdt (HMA) are used to determine the volumetric and
mechanica properties of the mixture during the mix design phase and for quaity control/qudity
assurance during congtruction.  These volumetric and/or mechanical properties are then evauated
to sdlect amix design or control the mixture during production. The specimens produced with the
gyratory compactor Smulate the dendity, aggregate orientation and structura characterigtics of this
mixture in the actud roadway.

The gyratory compactor is used to prepare specimens for later analysis of the volumetric
properties of the mixture, evauation of mixture dengfication properties, evauation of moisture
sengtivity, field quaity control or other testing purposes.

Thistext will explain the method of compacting samples of hot mix asphat and determining their
percent compaction using the SHRP gyratory compactor. This method may be used with
laboratory fabricated specimens, asin the mix design process, or with plant-mixed materid during
congtruction.

Common Tegting Errors

Not placing a paper protection disk on the bottom or top of the specimen.
Not compacting the mixture at the proper temperature.

Not properly verifying the calibration of the compactor prior to use.

Not leveing off the specimen using dwell gyrations or a square load.

Not removing the paper disks while specimen is sill warm.

Not preheating the mold and base plate.

Not charging the mold with mix quickly, in one lift without spading or rodding.
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TEST METHODOLOGY
.

Apparatus

< Superpave Gyratory Compactor, including a device for measuring and recording the height of the
specimen throughout the compaction process. The compactor may aso include a printer or a
computer and software for collecting and printing the data.

Specimen molds

Thermometer

Baance readable to 1 gram

Oven

Cdibration equipment recommended by compactor manufacturer

Safety equipment: insulated gloves, long deeves, tc.

Miscellaneous equipment: paper disks, lubricating materials recommended by compactor
manufacturer, scoop or trowe for moving mixture, funnel or other device for ease of loading
mixture into mold (optiond).

NN NN N NN

Calibration

The means of cdlibrating the gyratory vary with different manufacturers. Refer to the operation
manud of the particular brand and modd of gyratory available for use. Cdibration of the following
items should be verified at the noted intervals or according to manufacturers recommendations:

ltem Tolerance Cdlibration Interva
Height Record to nearest 0.1 mm, Daly
Compact to 115 + 5mm
Angle 1.25° + 0.02° Every 1-3 months
Pressure 600 + 18 kPa Every 6 months
Speed of Rotation 30.0 + 0.5 gyraionsper minute | After mechanica changes or every
6 months

Mold and platen dimensions, hardness and smoothness should also be verified. Oven temperature
should be verified; oven must be cgpable of maintaining the temperature as required for PP2,
Practice for Short and Long Term Aging of Hot Mix Asphalt (HMA).



Sample Preparation

Samples for compaction in the gyratory may be obtained in one of two ways, mixture may be
prepared in the laboratory or plant-mixed materid may be obtained from roadway or truck samples.

For the determination of volumetric properties for mix design or quality control, afinished specimen
height of 115 + 5 mm isdesired. When producing specimens for testing under AASHTO T283,
Resistance of Compacted Bituminous Mixture to Moisture Induced Damage, afinished specimen
height of 95 mm isrequired and for Superpave mix andyss, a pecimen height of 140 mm is desired.
In these two cases, the batch weights must be varied to provide the desired specimen height a a
specified air void content; samples are then compacted to the specified height rather than afixed
number of gyrations. (See AASHTO T283 for more details.)

Laboratory Prepared Materials

Preparing samples of mixturein the laboratory requires batching out the aggregates, mixing in the
proper amount of asphalt binder, conditioning the prepared mixture, heating the mixture to compaction
temperature and compacting the specimen. The stepsinvolved in preparing the mixture in the
laboratory are asfollows:

1. Weigh out the appropriate amounts of the required aggregate size fractions and combinein a bowl
to the proper batch weight. Typically, a batch weight of 4500 - 4700 grams of aggregate will
provide enough materid for afinished specimen height of 115 + 5 mm, if the combined aggregete
specific gravity is between 2.55 - 2.70.

2. Hest the asphdt binder and the combined aggregate in an oven to the appropriate mixing
temperature for the binder to be used. This temperature can be determined from an equi-viscous
temperature chart or may be provided by the binder supplier. The appropriate temperature range
for mixing is defined as the range of temperatures that produces aviscosity of 0.17 + 0.02 Pa- s
for the unaged binder. This ensuresthat the binder is fluid enough to coat the aggregate particles.
Some modified binders do not follow these temperature-viscosity relationships; the manufacturer’s
recommendations should be followed.

3. The hesated aggregate should be placed in the mixing bowl and thoroughly dry mixed. Make a
crater in the center of the aggregate in the bowl and weigh in the required amount of asphat
binder. Begin mixing immediately.



4. A mechanicad mixer isrecommended for preparing laboratory mixtures because mixing such a
large quantity of materid by hand is difficult. Mixing should continue until the agphdt binder is
uniformly digtributed over the aggregate particles.

5. Determine the proper compaction temperature range for the asphdt binder used. Thisis defined
as the range of temperatures that yields a binder viscosity of gpproximately 0.28 + 0.03 Pa- s.
Modified binders may not conform to these mixing and compaction temperatures, so the
manufacturer’ s recommendations should be followed.

6. After mixing, spread the loose mixture in aflat, shalow pan and short term condition the mixture
asdetailed in PP2, Practice for Short and Long Term Mixture Conditioning of Hot Mix
Asphalt (HMA).

7. Place the compaction mold and base plate in an oven to prehest at the required compaction
temperature for a period of 30 to 60 minutes prior to the sart of compaction.

8. Following the short term conditioning period, bring the mixture to the proper compaction
temperature, if different from the conditioning temperature, by placing it in another oven at the
compaction temperature for up to 30 minutes.

9. After the mixture comes to the proper compaction temperature, proceed with compaction in the
gyratory as outlined below.

Plant-Mixed M aterials

When plant-mixed materials are sampled from the roadway or truck, no short term aging is required.
The mixture must be brought to the proper compaction temperature then compacted and andyzed as
described below. Place the materid in an oven at the compaction temperature and bring the mixture

to the proper temperature by careful, uniform heeting. The mix should be stirred periodicdly to help
assure uniform heeting. In generd, the shortest heating time that will bring the mixture to the

compaction temperature is preferred. Avoid over-hesting the mix. When the compaction temperature

has been reached, proceed with specimen compaction as outlined below.
Compaction Procedure

Once the mixture sample has reached the proper compaction temperature, it is compacted in the
gyratory. For most purposes, the finished specimens will be used to calculate volumetric properties

and the specimens will be compacted to afixed number of gyrations. When preparing specimens for

testing under AASHTO T283, Resistance of Compacted Bituminous Mixture to Moisture



Induced Damage, or in Superpave mix andyss, specimens may be compacted to afixed height to
produce a specified air void content.

The procedure to compact to a fixed number of gyrationsis asfollows:

1. Ensurethat the gyratory compactor has been turned on and alowed to warm up for the time
recommended by the manufecturer. Verify al settings for angle, pressure and number of
gyraions.

2. Veify that height recording device is turned on and is reading in the proper units. Height
cdibration should be verified dally.

3. When the compaction temperature has been reached, remove the mold and base plate from the
oven. Put the base plate in position in the mold and place a paper disk in the bottom of the mold.

4. Chargethe mixture into the mold in onelift. A funnd or other device may be used to place the
mixture into the mold. Take care to avoid segregating the mix in the mold, but work quickly so
that the mixture does not cool excessvely during loading. Level the mix in the mold and place a
paper disk on top.

5. Pace the mold in the gyratory as per manufacturer’ s recommendations. (Some gyratories alow
charging the mold with mix after the mold has been postioned in the compactor.) Lubricate the
mold or gyratory parts as recommended by the manufacturer.

6. Apply the load to the mixture in the mold according to manufacturer’ s recommendetions. The
pressure applied should be 600 + 18 kPa.

7. Apply the gyratory angle of 1.25° + 0.02° to the specimen.

8. Input the desired number of gyrations (N,.,,) to aoply on the gyratory control pad. Start the
compaction process and compact to the required number of gyrations. The number of gyrations
to apply is determined from the following table and is based on the expected design traffic volume
in Equivalent Sngle Axle Loads (ESALS) over a20-year design life; thisinformation is usudly
provided in the contract documents. Compact to the desired number of gyrations according to
PP28. Volumetric and dengfication properties are determined a N;,; and N aswell as N, 5, s
described on the following page (from PP28).



Design ESALs Compaction Parameters Typical Roadway A pplication?
(million)

Ninitial Nd&dgn Nmax

Applicationsinclude roadways with very light traffic volumes
such aslocal roads, county roads, and city streets where truck
traffic is prohibited or at avery minimal level. Traffic on these
roadways would be considered local in nature, not regional,
<0.3 6 50 75 | intrastate, or interstate. Special purpose roadways serving
recreational sites or areas may also be applicableto thislevel.

Applicationsinclude many collector roads or access streets.
Medium-trafficked city streets and the majority

0.3to<3 7 75 115 | of county roadways may be applicableto thislevel.
Applicationsinclude many two-lane, multilane, divided, and
partially or completely controlled access roadways. Among
3t0< 30 8 100 160 | these are medium to highly trafficked city streets, many state
routes, US highways, and some rural interstates.
Applicationsinclude the vast majority of the US Interstate
system, both rural and urban in nature. Special

>30 9 125 205 | applications such as truck-weighing stations or truck-climbing
lanes on two-lane roadways may also be applicable to thislevel.

(@] Design ESALSs are the anticipated project traffic level expected on the design lane over a 20-year
period. Regardless of the actual design life of the roadway, determine the design ESALsfor 20
years and choose the appropriate Ny, level.

2 Typical Roadway Applications as defined by A Policy on Geometric Design of Highway and
Streets, 1994, AASHTO.

Note: When specified by the agency and the top of the design layer is3 100 mm from the pavement
surface and the estimated design trafficis® 0.3 million ESALS, decrease the estimated design
traffic level by one, unless the mixture will be exposed to significant main line and construction
traffic prior to being overlaid. If lessthan 25 % of the layer is within 200 mm of the surface, the
layer may be considered to be below 100 mm for mixture design purposes.

Note: When the design ESALSs are between 3 to < 10 million ESALSs the agency may, at their discretion,
SPECifY Nipitiar @ 7, Ngesign a 75, and N, at 115, based on local experience.

9. Thegyratory will stop automaticaly when the specified N, has been reached. Remove the angle
from the specimen and raise the loading ram if needed (thisis done automaticaly on some
gyratories).
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10. Remove the mold from the compactor, if required, and extrude the specimen from the mold. Take
care not to distort the specimen when removing the specimen fromthemold. A cooling period of
5 to 10 minutes may be necessary with some mixtures; afan may help speed the cooling process.
Remove the paper disks while the specimen is il warm to avoid excessve gticking.

Density Procedure

When compacting specimens for the determination of volumetric properties for mix design or qudity
control/quality assurance, it is necessary to determine the specimen height and bulk specific gravity and
mixture maximum theoretical specific gravity. This requires the following additiond steps

1. Prepare aloose sample of the same mixtures and determine the maximum theoretical specific
gravity (G,,,,) in accordance with AASHTO T209, Maximum Specific Gravity of Bituminous
Paving Mixtures.

2. Using the gyratory’ s height recording system, record the height of the specimen to the nearest 0.1
mm after each gyration.

3. Mesasure and record the mass of the compacted specimen to the nearest 1 g. Determine the bulk
specific gravity (G,,,) of the compacted specimen in accordance with AASHTO T166, Bulk
Specific Gravity of Compacted Bituminous Paving Mixtures Using Saturated Surface Dry
Soecimens.

Calculations

Using the measured bulk specific gravity of the find compacted specimen and the measured maximum
gpecific gravity of aloose sample of the mixture, and knowing the height of the specimen a different
numbers of gyrations, it is possble to caculate the corrected relative density of the specimen. The
corrected relative densty at any number of gyrations is expressed as a percentage of the maximum

theoretica specific gravity for the mix. This alows adetermination of the air void content of the
gpecimen at any number of gyrations (as 100% - corrected relaive density).

Cdculate the corrected reative dengity of the specimen at any number of gyrations as follows:
Cx = (Gmbhn/ Gmmh<)' 100%
where: C, = Corrected relative dendty expressed as a percentage of the maximum

theoretical specific gravity

11



Gwp = Bulk specific gravity of the extruded specimen (determined using T166)

Gm = Maximum theoretica specific gravity of the mixture (determined
according to T209)

h, = Height of the extruded specimen in millimeters

h, = Height of the specimen during compaction a x gyrations, in millimeters

Report the relative dengity, C,, to the nearest 0.1 percent.

[Note: the relative dendity is described as “ corrected” because of the assumptions that underlie the
cdculations. The caculation of the volumetric properties of the compacted specimen a any point in the
compaction process begins with the assumption that the specimen is a smooth sded cylinder 150mm in
diameter with aheight equd to the specimen height at the number of gyrations of interest, typicdly N,
Nges OF Na-  The uncorrected bulk specific gravity of the specimen can then be cal culated based on
the measured mass of the specimen and the volume of a smooth sded cylinder. The actud bulk
specific gravity of the specimen ismeasured a N, according to AASHTO T166. The uncorrected
bulk specific gravity of the specimen isaso cdculated a N,,..,. Theratio of the measured bulk specific
gravity to the uncorrected bulk specific gravity at N, can be used as a correction factor to

backcal culate the corrected bulk specific gravity at any number of gyrations. Using the correction
factor corrects for the fact that the compacted specimen is not a smooth sided cylinder but doesin fact
have some surface irregularities and open texture. In other words, the actua volume of the specimen is
less than the volume of a smooth sided cylinder due to this surface texture. The corrected bulk specific
gravity of the specimen, then, is actudly greater than the uncorrected bulk specific gravity because the
volumeissmdler. These assumptions and caculations are implicitly included in the calculations as
described here)]

Example:
Given: G, Measured bulk specific gravity = 2.369
Gim» Mmaximum theoretical pecific gravity = 2.403
h,,, height of extruded specimen = 117.5mm

Cdculate C, at N;,, = 8 gyrations, hy=135.4mm
Nges = 109, hyge = 119.4 mm
N = 174, h7, =117.5mm
Cg=(2.369" 117.5mm/2.403 " 135.4 mm)H100% = 85.6%
Cio=(2.369 " 117.5mm/2.403 " 119.4 mm) ~ 100% = 95.3%
Ci72=(2.369 " 117.5mm/2.403" 117.5mm) ~ 100% = 98.6%

12



GYRATORY COMPACTOR

Gyratory Compactor

Pouring Mix intothe Mold
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Placing Mold into the Compactor

Mold in Compactor Ready to Test
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NOTE

Successful completion of the following
training materids, induding examination
and performance evauation are
prerequisites for this training package.

C AASHTOT 168, Sampling
Bituminous Paving Mixtures

C AASHTO TP 4, Method For
Preparing and Determining the
Dengty of Hot Mix Asgphdt (HMA)
Specimens by Means of a
Gyratory Compactor.




GLOSSARY

Specific gravity: the ratio of the massin air of avolume of materid to the massin air of an equd
volume of water.

Saturated surface dry (SSD): the condition of a materia when it has absorbed as much water asit can
and the outside of the materid has no free water.



BULK SPECIFIC GRAVITY OF COMPACTED BITUMINOUS
MIXTURESUSING SATURATED SURFACE-DRY SPECIMENS

The compaction of Hot Mix Asphat (HMA) both in the field and in the laboratory is an important
characteridtic to be determined for mixture qudity control. The bulk specific gravity of compacted
specimens can be determined on pavement cores or laboratory compacted specimens. The bulk
specific gravity of compacted bituminous mixtures (G,,,), using a saturated surface-dry specimen, is
used to determine air voids (V ;) and may be used for comparison between roadway compaction tests
and laboratory compacted specimens.

The G,,, is determined by measuring the volume of the specimen by displacement when submerged in
water. Measure the specimen dry mass, mass of the specimen submerged in water, and the SSD mass
to determine G,

The submerged mass is subtracted from the SSD mass to determine the volume of displaced water,
which is the same as the volume of the specimen. Dividing the dry mass of the specimen by the volume
of the specimen yiddsthe G,,,.

Common Tegting Errors

< Submerged specimen touches the side of the water container.

< Water temperatureis not 25e+1EC (77E+1.8EF).

< Specimens with high voids (>10%) may absorb excess water. (Use AASHTO T 275)

< Dirty water used.

< Specimens not cooled to 25E+5EC (77E+9EF).



TEST METHODOL OGY

Apparatus
< Baance (accurate to 0.1 gram).
< Oven for heating specimen

< Submersion basket

< Container for water
< Damp towe
Sample Preparation

The sample should be secured usng AASHTO T 168. The mixture should then be prepared for testing
usng AASHTO TP 4, AASHTO T 245, or another suitable compaction method.

Testing Procedure

Once the specimen has been compacted using one of the above methods, it must be cooled to 25E+5E
(77Ex9EF). Weigh the dry specimen and record the dry mass (A) to the nearest 0.1g.

Submerge the specimen in water that is at atemperature of 25E+1EC (77E+1.8EF) and suspend it from
the scale being careful not to trap any air bubbles under the specimen. Record the submerged mass ( C
) to the nearest 0.1g after the specimen has stabilized in the water for 3 to 5 minutes. (Note: For
samples greater than 1000 g, abalancereadableto 1 g
may be used.)

wa {11
Weighing Specimen to
Determine G,



Removethe specimen from the water
and quickly blot the specimen surface dry.
Weigh the specimen and record the SSD
meass (B) to the nearest 0.1g.




Calculations

Cdculate the bulk specific gravity of the specimen asfollows:

G = A
B-C
where:
A =dry mass
B = SSD mass

C = submerged mass
Report bulk specific gravity to three decimd places.
Example
Given: Dry mass of the specimen (A ) =4799.0g

SSD mass of the specimen (B ) =4801.0 g
Submerged mass of the specimen (C) =2799.0 g

mb" 4799.0 -5
4801.0&2799.0

397




STANDARD PRACTICE FOR MIXTURE CONDITIONING
OF HOT MIX ASPHALT (HMA)

AASHTO PP2
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NOTE

Successful completion of the following training materids,
including examination and performance evauation, isa
prerequisite for this training package.

AASHTOT 168, Sampling Bituminous Paving
Mixtures




GLOSSARY

Long term mixture conditioning - a laboratory aging procedure used to smulate the effects of
bituminous mixture aging that occur over the service life of a pavement.

Oxidation - atype of chemica reaction that occurs between asphat and oxygen that changesthe
diffness of the asphalt.

Short term mixture conditioning - alaboratory procedure used to smulate the effects of bituminous
mixture aging and agphdt absorption that occur during production and placement of hot mix asphdt in
ahot mix plant.



MIXTURE CONDITIONING OF HOT MIX ASPHALT (HMA)
|

Samples of bituminous mixtures prepared in the laboratory have different properties from mixtures
produced in ahot mix asphat plant for anumber of reasons. One of these reasonsis that the hot mix
ages as it goes through the plant, and during storage and trangportation, until it cools down. The
agphdt binder reacts with oxygen in the air and becomes harder and more brittle. Some volatile
fractions of the binder may dso be driven off a the high temperatures encountered during
congtruction. Absorption of some of the agphalt into the aggregate can aso occur & high
temperatures during congruction while the binder is il fluid enough to migrate into the pores of the
aggregate. Aging continues a a dower rate throughout the service life of the pavement. The aging (or
oxidation) reaction proceeds at a higher rate in hot climates or during the summer months when the
temperatures are higher.

It isimportant to account for these changes in the mixture properties when preparing mixturesin the
lab. One way to account for these changes is to condition the laboratory mixtures in such away asto
amulate the aging that happens during condruction and service. The short term mixture conditioning
procedure is used to smulate the aging that occurs during congtruction (up to the point of compaction)
and is used during the mix design procedure. Long term aging is used to Smulate the aging that occurs
over the many years the pavement isin service. Consequently, long term aging is used when
performing tests to Smulate mixture properties late in the life of the pavement, such as when analyzing
the resstance of amixture to low-temperature cracking using Superpave mixture andyss and the
indirect tengon tester. Long term mixture conditioning follows short term conditioning for |aboratory-
prepared mixtures.

Thistext will outline the procedures used for short and long term aging of bituminous mixtures. Short
term aging is routingly used for mix design and other purposes, while long term aging is less commonly
used.

Common Tegting Errors

Failure to cdibrate the oven temperature resulting in aging at an improper temperature.
Not spreading the mixture uniformly across a pan of sufficient Sze.

Failing to record the start time for the aging procedures.

Short term aging plant mixed meterid.

Falling to tir the mix every 60 + 5 minutes to ensure uniform aging.
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TEST METHODOLOGY

Apparatus

< Oven capable of maintaining temperatures from room temperature up to 150° + 3°C (302°
5.4°F).

< Loading device capable of applying agtatic 56 kN load at arate of 72.00 + 0.05 kN/minute.

< Thermometers covering the range from 50°C to 260°C (122°F to 500°F) readable to the nearest
1°C (2°F).

< Miscdlaneous shalow metd cake pan for aging loose mix, metal spatula or spoon for Hirring,
oven gloves.

Mixture Conditioning for Volumetric Mix Design
Sample Preparation

Short term mixture conditioning for volumetric mix design is gpplicable to laboratory-prepared
mixtures only. Mixtures are prepared by mixing as described in TP 4 or esewhere.

After mixing a the proper mixing temperature for the binder used, the loose mix is spread evenly ina
pan to an even thickness of between 25 and 50 mm (1to 2in.).

Procedure

Place the pan containing the mixture in an oven to age for 2 hours + 5 minutes at the specified
mixture’ s compaction temperature. The compaction temperature varies depending on the grade of
binder used and can be determined from state specifications or the binder supplier's
recommendations. (Note: The compaction temperature range of an HMA mixture is defined as
the range of temperatures where the unaged asphalt binder has a kinematic viscosity of 280 +
30 mm?#/S(approximately 0.28 + 0.03 Pa-s) measured in accordance with ASTM D4402. The
target compaction temperature is generally the mid-point of thisrange. When using modified
asphalts, the binder manufacturer’ s recommendation for compaction temperature should be
considered.)

Stir the mixture after 60 + 5 minutes to ensure uniform aging.



At the end of the aging period, remove the mixture from the oven and complete sample preparation as
required for the tests to be conducted.

Report the mixture properties and aging conditions. Specificaly, report the binder grade and content
(to the nearest 0.1%) and the aggregate type and gradation, if possible. For the conditioning
information, report the laboratory mixing temperature and short term mixture conditioning temperature
to the nearest 1°C (2°F) and the short term conditioning duration to the nearest 1 minute.

Mixture Conditioning for Mechanical Property Testing - Long Term Mixture Conditioning
Sample Preparation

The long term mixture conditioning procedure can be gpplied to |aboratory-prepared samples
following short term aging, to plant-mixed HMA or to compacted roadway samples when needed to
smulate long term aging effects. This mixture conditioning step is used when samples will be tested
for mechanica properties, such asindirect tendle creep or strength.

L oose Mix (L aboratory-prepared or Plant-mix)

L aboratory-prepared mixture should be conditioned following the procedure described for volumetric
mixture design above, except that the conditioning should be completed for 4 h + 5minutes at a
temperature of 135° + 3°C (275 + 5.4°F). Plant-mixed materia does not need to be short term
conditioned.

Compact the HMA sample according to TP4 to the level of compaction required for the tests to be
conducted. Do not extrude the specimen from the mold.

Condition the compacted sample by cooling in the mold to 60° + 3°C (140° £ 5.4°F). Thistypicdly
takes about 2 hours.

The ends of the specimen may not be pardld. The ends are squared up by applying adatic load in a
testing device. Increase the load from O kN at arate of 72.00 = 0.05 kN/minute. Releasethe load at
the same rate when the ends of the specimen are level or when the load reaches a maximum of 56 kN.

Remove the specimen from the testing machine and alow to cool 16 £ 1 hours at room temperature.
The sample should be extruded from the compaction mold after cooling for 2-3 hours.

Compacted Roadway Specimens
Condition the specimento 60 + 1°C (140° + 1.8°F) by placing itin a60°C (140°F) oven for
approximately 2 hours. Cool the specimen at room temperature for gpproximately 16 + 1 hours.




Procedure

Place the prepared specimen on arack in an oven set to 85 + 3°C (185° = 5.4°F). Long term
condition the specimen for 120 + 0.5 hours. After that time period, turn off the oven and open the
door. Allow the oven and specimen to cool to room temperature. Thistypicaly takes about 16 hours.
Do nat touch or remove the specimen from the oven until the end of this cooling period.

Remove the specimen from the oven and test as required.



MAXIMUM SPECIFIC GRAVITY OF
BITUMINOUS PAVING MIXTURES

AASHTO T 209

FHWA SPONSORED

Developed by
FHWA Multi-Regional Asphalt Training & Certification Group
1999



NOTE

Successful completion of the following
training materid, including examination
and performance evaudtion, isa
prerequisite for this training package.

¢ AASHTOT 168, Sampling
Bituminous Paving Mixtures




GLOSSARY

Specific gravity: the ratio of themassin ar of avolume of materid to the massin air of an equd volume
of water.

Pycnometer: avesse of known volume used to measure the volume of amateria placed in it by
determining how much weter is displaced.

Mercury Manometer: atube sedled at one end and filled with mercury, which, when subjected to a
vacuum, will register acomparison between the gpplied vacuum and the nearly tota vacuum that exigts
inthe sedled end. The degree of vacuum is expressed as absolute pressure or residual pressure, in mm.
Smaller numbers (less pressure) indicate more vacuum.

Nomind Maximum Aggregae Sze one Sze larger than the first Seve tha retains more than 10 percent
of the aggregate. (Note: This terminology and definition is used for Super pave mixtures and may
not apply to other types of mixtures.)

Tare: setting the balance to zero with aload gpplied (usudly an empty container), so that when a
sampleis placed in the container it can be placed on the baance and only the sample mass will be

displayed.



MAXIMUM SPECIFIC GRAVITY OF BITUMINOUS PAVING
MIXTURES

The volumetric properties of Hot Mix Asphat (HMA) must be controlled during design and production
in order to produce durable pavements. James Rice invented a test to mesasure the volume of amixture
with dl the air voidsremoved. The maximum specific gravity (G,,,,,) of abituminous mixture istheratio

of the mass of the loose sample to the mass of an equa volume of water at the standard temperature of
25EC (77EF).

G, 1S used dong with the bulk specific gravity (G,,,) of the compacted mixture to determine air voids
(Py. Itisoften used dso for determining the percent of compaction in laboratory specimens or during
roadway compaction.

Thistext will explain the flask method for determining the maximum specific gravity. The flask method
isthe preferred test method due to the lower varigbility of the method.

Common Tegting Errors
> Not breaking up the sample completely.
> Not maintaining less than 30 mm absol ute pressure which could be attributed to one of the
fallowing:
a Air bubble in mercury manometer
b. Manometer not connected directly to pycnometer
c. Clogged vacuum lines
d. Moigture or foreign materid getting into the vacuum pump
> Not agitating the sample enough.
> Air bubbles trgpped in the pycnometer when the cover is placed on it.
> Temperatures of water not checked.
> Uncoated particles or particles that rupture under vacuum which absorb water.

> Overhesting absorptive materids.



TEST METHODOLOGY - FLASK METHOD

Apparatus
> Pycnometer or flask

> Thermometer

> Mercury Manometer

and Hask
> Pycnometer top or cover glass
> Scde

> Vacuum pump, tubing and connectors

Sample Preparation
If the sampleis not tested soon after it has been sampled, it will cool down and need to be reheated in
the oven before the G, test can berun. If necessary, hest the sample only enough to soften it.

Reduce the sample to the proper size, if necessary, by quartering or other suitable means that will
ensure arepresentative sample.  See Table 1 below.

Maximum Aggregate Size Minimum Sample Size

250mm(1in.) 2500 g

19.0mm (3/4in.) 2000 g

125 mm (1/2in.) 1500 g

95mm (3/8in.) 1000 g

4.75 mm (#4) 5009
Tablel



Separate the particles of coarse aggregate. Break up any clumps of fine aggregate so that no clump is
larger than 6.5 mm (Yain.). Stirring or spading the mixture as it cools will prevent clumps. If the dumps
are difficult to bresk up, warming the mixture for afew minutes will be helpful.

Stirring Sample and Bregking
Clumps

Allow the mixture to cool to room temperature before proceeding with the test.
Calibration of Pycnometer

The flask or pycnometer is cdibrated by filling the vessd with water. The water temperature needs to
be 25EC (77EF). Place the cover or aglass cover plate on the vessdl, being sure that no air bubbles
aretrgpped. Dry the outside of the vessdl, cover, and then weigh it. Record the mass to the nearest
0.1 gram. Thisismass D, the mass of the pycnometer filled with water a the test temperature. If
temperatures other than 25EC (77EF) are encountered during testing, the vessdl should be cdlibrated a
ahigher and alower temperature. A calibration curve will then need to be developed for the
pycnometer.

Test Procedure

Tare the pycnometer on a scale and add the sample. Record the mass of the sample to the nearest 0.1
gram. Thismassisthedry sampleinair (A).

Add enough water to completely cover the sample.

Connect the pycnometer to the vacuum system and remove the entrapped air. Maintain avacuum, as
measured by a mercury manometer, of 30 mm or less absolute pressure for 15+2 minutes. Continuous
agitation is recommended to help rdlease the ar bubbles. This agitation can best be completed with the
use of avibrating table. If continuous agitation is not possible, rock or shake the pycnometer at
goproximatdy 2 minute intervas for the duration of the air remova.



After the 15 minute vacuum period is complete, dowly release the vacuum and dlow the pycnometer
and sample to st for 10+1 minute.

The pycnometer may be placed in a 25EC (77EF) water bath for the ten minutes or water of the proper
temperature may be added to fill the pycnometer. If awaterbath is not used, the temperature of the
water in the pycnometer needs to be adjusted to 25E+1EC (77E+1.8EF).

If it is not possible to maintain the proper temperature, correction factors for the change in density of
the water and the asphalt cement must be used in conjunction with a cdibration curve for the
pycnometer.

Place the top or cover glass on the pycnometer, being sure that there are no air bubbles trapped inside.
Dry the outside of the pycnometer. Weigh the pycnometer and record the mass to the nearest 0.1
gram. Thisisthe mass of the pycnometer filled with the sample and water at the test temperature (E).

(Note: For samples greater than 1000 g, a balance readable to 1 g may be used.)

Sample ei ng Tested



Calculations
Maximum Specific Gravity (G,,,) = A
A+D-E

where: A =Massof dry samplein ar
D = Mass of pycnometer filled with water at test temperature
E = Mass of pycnometer filled with the sample and water at test temperature

Report Maximum Specific Gravity (G,,,,) to three decima places.
Example
Given: Mass of dry sampleinaair (A) =2020.0g

Mass of pycnometer filled with water at test temperature (D) = 7800.0 g
Mass of pycnometer filled with sample and water at test temperature (E) = 9000.0 ¢

2020.0 = 2463
2020.0 + 7800.0 - 9000.0




METHOD FOR DETERMINING THE ASPHALT
CONTENT OF HOT MIX ASPHALT (HMA)

BY THE IGNITION METHOD
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FHWA SPONSORED
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NOTE

Successful completion of the following
training materids, incdluding examination
and performance evauation are
prerequidites for this training package.

C AASHTOT 168




GLOSSARY

Ignition oven: A muffle furnace pecificdly designed for the purpose of burning off organic components
from amaterid a high temperatures.

Correction factor: The difference between the actud and the measured asphat content.

Sample basket: A sample container designed for use in the ignition oven which alows the heeted air to
move through the sample. Each oven manufacturer provides baskets designed for use in their oven.

Nomina Maximum Aggregate Size: One Sze larger than the first Seve that retains more than 10 percent
of the aggregate. (Note: Thisterminology and definition is used for Superpave mixtures and may not
apply to other types of mixtures.)



METHOD FOR DETERMINING THE ASPHALT CONTENT OF HOT
MIX ASPHALT (HMA) BY THE IGNITION METHOD

Consgtently maintaining the proper asphat content in HMA paving mixturesis akey factor in
producing qudity pavements. Various means of determining asphat content, such as chemicd
extraction or nuclear gauges, have been used for many years. Recently, a new technology has been
perfected by the National Center for Asphat Technology (NCAT). This new technology uses avery
high temperature oven, commonly caled a muffle furnace, to burn off the asphat. By comparing the
mass of the sample before and after the burn off, the agphalt content can be determined. Some
aggregates break down at the high temperatures employed in the test, and, therefore, a correction
factor for each mix may be needed to produce accurate results. After the asphalt content is
determined, the aggregate that is left can be tested for gradation and other properties. (Note: Some
aggregates have demonstrated significant breakdown at the high temperatures applied in this
test and may produce erroneous gradation and specific gravity test results. In some cases where
the breakdown is consistent, an appropriate correction factor can be determined and applied.
For those materials for which no consistent correction factor can be determined, test results on
the aggregate should be considered for informational use only and not used for acceptance or
rejection of the mix.) Although the technician may encounter very hot materids and must use proper
precautions, thisis the easiest and safest method available for determining asphdt content and providing
clean aggregate for further testing. Thistest method is appropriate for both field labs conducting qudity
control tests and Agency labs performing independent assurance, verification and acceptance testing.

Common Tegting Errors

< Moigture in the sample.

< Aggregate correction factor not used.

< Materias used for cdlibration were not the same as project materials.
< I naccurate asphalt contents used for calibration.

< Improper loading of sample baskets.



TEST METHODOLOGY

There are two methods listed in AASHTO TP 53 which may be used for thistest. They are basicaly
the same; the difference is related to the type of equipment used. Some ignition ovens have built in
scales and processors that can detect when the test is complete and report the results (method A).
Other ovens require the operator to determine the end point and calculate the results (method B). The
cdibration and sample preparation are the same for both methods.

Apparatus

< Baance (accurate to 0.1 )

< Approved ignition oven

< Sample baskets provided by the oven manufacturer

< Safety equipment: insulated gloves, face shidd, long deeves, etc.

< Timer (method B)

Calibration

Determine the correct sample size for the mixture to be tested from the following chart:

Nomina Max. Seve  Min. Sample

Aggr. Sze mm  Sze Mass, g
4.75 No. 4 1200
9.5 38in. 1200
125 Y2in. 1500
19.0 34in. 2000
25.0 lin. 3000
37.5 1'4in. 4000

Using the aggregates and binder produced for the project, mix two samplesin the lab at the Job Mix
Formula (JMF) intended asphalt content.



Weigh a sample basket on a scale and record the mass. If the sample has cooled, preheat the sample
ina125eC (257EF) oven for 25 min. Place the sample in the basket. Spread the samplein athin
layer, but avoid placing materia near the edge of the basket. Record the mass of the sample. For
automatic ovens (method A) enter the mass of the sample into the oven processor.

Pace the sample in the ignition oven and burn off the agphalt according to the manufacturers
recommendation.

NOTE
Temperaturesin excess of 538EC (1000EF)
may be encountered when using an ignition
oven. Use caution when handling hot samples
or opening the oven.
SAFETY FIRST

The automatic ovens (method A) will stop the test when dl the asphalt is burned off and will caculate
the apparent percent asphalt.

For manua ovens (method B), alow the sample to burn for at least 45 min., remove from the oven and
dlow to cool. Weigh and record the mass of the sample. Return the sample to the oven. After the
oven has returned to its set temperature, alow the sample to burn off for an additional 15 min. Repesat
the burn off - coal - weigh routine until two consecutive weighings of the sample do not change more
than 0.01 percent of the origina mass of the sample. Record the fina mass of the sample. Cdculate
the apparent percent asphdt by subtracting the find mass from the origind mass to get the loss from
ignition then dividing by the origind sample mass.

If the difference between the two samples exceeds 0.15%, repest the calibration process with two
more samples and discard the high and low results. Compare the apparent percent asphat from
ignition to the actua asphat content of the cdibration samples. Subtract the apparent percent asphat
from the actua percent for each sample and average the two results. Thiswill be the correction factor
which must be gpplied to dl tests on the same mixture. Record the correction factor.

If the correction factor exceeds 0.5% it may be necessary to repeat the calibration procedure at a
lower temperature. If alower temperature is required to produce a consistent correction, this
temperature should be recorded and al HMA samples of that materia should be tested at the same
temperature as the cdibration samples.

If the State Highway Agency requires the gradation of the aggregate to be checked on test samples, a
third sample of aggregate should be prepared but not mixed with asphat. The gradation of this “blank”
sample can then be compared to the gradation of one of the burned off caibration samplesto evduate



the amount of aggregate breakdown.

Sample Preparation

If moisture is present in the sample, dry thesampleinanovena 105+ 5E C (221 £ 9E F), or
determine the moisture content and record it. If necessary, reduce the sample to the proper size by
quartering or other suitable means that will produce a representetive sample. Preheet the sample, if
needed, as described above for calibration.

Test Procedure

Place the sample in the sample basket and record the mass. For automatic ovens (method A), enter
the mass and the correction factor into the oven controls. Test the sample as described above for
cdibration.

The automatic ovens (method A) will display and/or printout the corrected asphat content. For the
manua ovens (method B), the gpparent agphalt content is determined the same way as for cdibration,
then the correction factor is added to the result to produce the find reported asphalt content. The
correction factor is normaly anegative number. If moisture is present in the sample, subtract the
percent moisture from the corrected aephdt content to get the fina reported asphdt cont:

B

Asphalt Placed n Basket Basket Placed in Oven



Report the asphdt content by ignition to two decimal places.
Example

Correction factor determination:

where: Percent asphdt in the cdlibration sample (P,) = 5.00%
Origind dry mass of the cdibration sample = 2507.5 g
Final mass of burned off cdibration sample = 2370.7 g

(2507.5&2370.7) 100 " 5.46%
2507.5

Apparent percent asphalt = 5.46%
Correction factor = 5.00 - 5.46 = -0.46

Corrected asphadt content determination:
where: Origind dry mass of the test sample=2512.4 ¢
Fina mass of burned off test sample=2379.5¢g

(2512.482379.5) 100 o 046 = 4.83%
2512.4

Corrected asphalt content = 4.83%

Note: Follow the rounding rules specified by your state.
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AASHTOT 283

FHWA SPONSORED

Developed by
FHWA Multi-Regional Asphalt Training & Certification Group
1999



NOTE

Successful completion of the following
training materids, including examination
and performance evauation are
prerequisites for this training package.

C AASHTO T 168, Sampling
Bituminous Paving Mixtures

C AASHTO TP 4, Standard Method
for Preparing and Determining the
Dengty of Hot Mix Asphdt (HMA)
by Means of the SHRP Gyratory
Compactor.

C AASHTO T 209, Maximum
Spoecific Gravity of Bituminous
Paving Mixtures.

C AASHTO T 166, Bulk Specific
Gravity of Compacted Bituminous
Mixtures Using Saturated Surface-

Dry Specimens.




GLOSSARY

Tendle srength: a measure of the force required to pull apart a materid.

Sted loading Strips square or rectangular stedl bars long enough to cover the full thicknessof  the
gpecimen with one side curved to match the side of the specimen. For 101.6 mm (4 in.) specimens,
the strips shdl be 12.7 mm (0.5 in.) wide, and for 152.4 mm (6 in.) specimens, the strips shdl be
19.05 mm (0.75in.) wide.

Loading jack: amechanica device or machine that can apply a congtant rate of loading.



Resistance of Compacted Bituminous Mixtureto Moisture Induced
Damage

Bituminous mixtures made from certain materids may be sengtive to the presence of water in the
finished pavement. Water will cause the asphat to stop sticking to the aggregate. Since the asphdlt is
the “glue’ that holds the pavement together, rapid failure of the pavement can be expected if the
asphdt cannot stick to the aggregate. Thisis often referred to as stripping. To help prevent stripping,
additives such as hydrated lime or liquid anti-siripping chemicas may berequired. AASHTO T 283is
atest method that can be used to determine if the materias used are subject to stripping and can dso
be used to evauate the effectiveness of additives.

Thetest is performed by compacting specimensto an air void level of six to eight percent. Three
specimens are selected as a control and tested without moisture conditioning, and three more are
selected to be conditioned by saturating with water. The specimens are then tested for indirect tengle
strength by loading the specimens at a constant rate and measuring the force required to bresk the
specimen. The tendle strength of the conditioned specimensis compared to the control specimensto
determine the tensile strength ratio (TSR). This test may also be performed on cores taken
from finished pavement.

Common Testing Errors
< Voids in the conditioned specimens not the same as the unconditioned ones.,
< Conditioned specimens not properly saturated with water.

< Conditioned specimens not soaked for 24 hours in awater bath at 60 + 1EC
(140 + 1.8EF)



TEST METHODOLOGY

Apparatus

< Vacuum container for saturating specimens

< Baance and water bath from T 166

< Water bath able to maintain 60 + 1EC (140 + 1.8EF)

< Aluminum pans (cake pans)

< Loading jack and force measuring device

< Loading strips with a curved face to match the sde of the specimen (optiond)
< Forced air oven able to maintain 60 = 1EC (140 + 1.8EF)
< Freezer able to maintain -18 + 3EC (0 + 5EF) (optiond)
< Plastic wrap and heavy-duty lesk proof plastic bags

< 10 mL graduated cylinder (optiond)

Sample Preparation

If pavement cores are to be tested, aminimum of Six coresis required. Separate the cores into two
sets of three so that each set has gpproximately the same average voids.

For laboratory-batched mixtures, 101.6 mm (4 in.) diameter and 63.5 mm (2.5 in.) thick specimens
are normally used, but larger specimens may be used. Larger diameter specimens should be used if
thereis 25.0 mm (1 in.) aggregate or larger in the mixture. Mix enough materid to produce at least
eight specimens a the asphdt content recommended for the mixture. Extramixture will be needed for
trids to establish the compaction required and for determining the maximum specific gravity of the
mixture, if these vaues are not known. (Note: When specimens other than 101.6 mm (4 in.)
diameter and 63.5 mm (2.5 in.) thick are used, test results may not agree with results from
standard size specimens.)

After mixing, place the mixture in the aluminum pans and spreed it to about 25 mm (1in.) thick. Allow
the mix to cool to room temperature for 2 £ 0.5 hours. Then put the mixture in the 60EC (140EF)



oven for 16 hoursto cure. After curing, put the mixture in an oven at 135EC (275EF) for 2 hours
before compacting the specimens. Compact the specimensto 7 + 1.0 percent air voids.

Some experimentation will be needed to find the correct compeactive effort that will yield the desired
voids. When using the SHRP gyratory compactor, the height needed can be ca culated from one trid
specimen. Other compactors may require severd trias before the correct compective effort can be
established. After removing the specimens from the molds, store them a room temperature for 72 to
96 hours.

Determine the maximum specific gravity of the mixture. Measure the thickness and determine the bulk
specific gravity of each specimen. Cdculate the ar voids of each specimen. Sort the specimens into
two groups of three so that each group has about the same average voids. One set will be stored at
room temperature until tested, the other set will be conditioned before testing. The unconditioned
control set should be sealed in plastic wrap or a plagtic bag.

Moisture Conditioning

Put the specimens to be conditioned into the vacuum container and fill with distilled water so thet at
least 25 mm (1 in.) of water is covering them. Apply a partid vacuum to the container for about 5 to
10 minutes. Release the vacuum and alow the specimens to Sit submerged in the water for another 5
to 10 minutes. Determine the bulk specific gravity of the saturated specimens. Compare the saturated
surface dry (SSD) mass of the saturated specimensto the origina SSD mass of the specimens before
saturation. The difference will be the volume of absorbed water. Compare the volume of absorbed
water to the origind volume of air voids to determine the amount of saturation. The volume of
absorbed water needs to be between 55 to 80 percent of the original volume of air voids. If the
volume of absorbed water is less than 55 percent, repesat the vacuum saturation procedure. 1If the
volume of absorbed water is greater than 80 percent, the specimens have been damaged and must be
discarded and replaced.

If the optiond freeze cycle isrequired, wrap the saturated specimens tightly with plastic wrap and
place in aplastic bag with 10 mL of water and sedl the bag. Place the bag in the freezer for &t least 16
hours. Remove the bags from the freezer and place in the water bath & 60 + 1EC

(140 £1.8EF) for 24 + 1 hours. As soon as possible after putting in the bath, remove the plastic bag
and plastic wrap from the specimens.

If no freeze cycleisrequired, place the saturated specimens directly into the 60EC water bath for the
24 + 1 hours of conditioning.

Test Procedure

After the 24-hour soak, remove the specimens and place in awater bath at 25 + 0.5eC (77 £ 1EF)

4



for 2 £1 hours. The bath should return to 25EC within 15 minutes after the warm specimens are
placed in the bath. The unconditioned specimens, till seded in plastic, dso need to be placed inthe
25EC bath for at least 2 hours.

Remove the specimen from the bath and place it on its Sde between the bearing plates of the testing
machine. It isrecommended that stedl 1oading strips be placed between the specimen and the bearing
plates as thiswill amplify the caculation of the tensle srength.

Apply the load to the specimen by forcing the bearing plates together at a congtant rate of 50 mm (2
in.) per minute.

If stedl loading strips are used, record the maximum load, then continue to load the specimen until it
cracks. Stop the machine, remove the specimen and breek it gpart a the crack. Look at the inside of
the specimen and estimate the percent of stripped aggregate. Record the observations.

If stedl loading strips are not used, stop the machine when the maximum load is observed. Record the
maximum load. Remove the specimen from the machine and measure and record  the width of the
flattened area on each Sde of the specimen. Return the specimen to the machine and continue loading
until the specimen cracks. Stop the machine, remove the specimen and breek it apart at the crack.
Look at the inside of the specimen and estimate the percent of stripped aggregate. Record the
observations.

Calculations

If stedl loading strips are used, calculate the tendle strength using the following equation:

where:

S =tensle strength, Pa (ps)

P = maximum load, Newtons (pounds)
t = specimen thickness, mm (inches)
D = specimen diameter, mm (inches)



If stedl loading trips are not used, calculate the tensile strength using one of the following equations:

SoP
44000 t

S -

where

S =tensle srength, Pa

S;p = maximum tenslle stress corresponding to the width
of the flattened areafrom table 1

P = maximum |load, Newtons

t = gpecimen thickness, mm

Or in U.S. Customary Units:

SioP
10000 t

S

where:

S =tensle strength, ps

S,p = maximum tensile stress corresponding to
the width of the flattened areafrom Table 1

P = maximum load, pounds

t = gpecimen thickness, inches

The tensle strength ratio (TSR) is caculated by dividing the average tendle strength of the conditioned
specimens by the average tendle strength of the unconditioned control specimens.

A TSR vdue of at least 80 percent is normaly required as evidence that the mixture will not be subject
to Sripping.



TABLE 1

Width of Hattened Area

Maximum Tendle Stress,

inMillimeters inches) | Sy, kPa (psi)
0.0 (0.0) 11307 (1640)
25(0.1) 11232 (1629)
5.0(0.2) 11163 (1619)
7.6 (0.3) 11073 (1606)
10.2 (0.4) 10997 (1595)
12.7 (0.5) 10832 (1571)
15.2 (0.6) 10618 (1540)
17.8 (0.7) 10397 (1508)
20.3 (0.8) 10135 (1470)
22.9(0.9) 9915 (1438)

25.4 (1.0) 9687 (1405)




ESTING SPECIMENS







THASH S e o Lk

Specimen in Testing Frame
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